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1
THINNER COMPOSITION FOR RRC
PROCESS, APPARATUS FOR SUPPLYING
THE SAME, AND THINNER COMPOSITION
FOR EBR PROCESS

CROSS-REFERENCE TO RELATED
APPLICATIONS

Korean Patent Application No. 10-2011-0095814, filed on
Sep. 22, 2011, in the Korean Intellectual Property Office, and
entitled “THINNER COMPOSITION FOR RRC PROCESS,
APPARATUS FOR SUPPLYING THE SAME, AND THIN-
NER COMPOSITION FOR EBR PROCESS” is incorpo-
rated herein by reference in its entirety.

BACKGROUND

1. Field

Embodiments relate to a thinner composition for a resist
reduced coating (RRC) process.

2. Description of the Related Art

With a decrease in the design rule for electronic devices,
resulting in smaller features, smaller patterns for the manu-
facturing of the electronic devices have been considered. For
this purpose, an extreme ultraviolet (EUV) lithography pho-
toresist may be used in manufacturing a semiconductor
device.

SUMMARY

According to an embodiment, there is provided a thinner
composition for a reduced resist coating process or an edge
bead removal process, the thinner composition including an
alkyl lactate, cyclohexanone, and an alkyl acetate, wherein an
alkyl substituent of the alkyl acetate is a C1 to C5 non-ether
based alkyl group.

The thinner composition may include about 40 parts by
weight to about 90 parts by weight of an alkyl lactate, about 5
parts by weight to about 30 parts by weight of cyclohexanone,
and about 1 part by weight to about 30 parts by weight of an
alkyl acetate, based on 100 parts by weight of the thinner
composition.

The thinner composition may include about 60 parts by
weight to about 80 parts by weight of an alky] lactate, about
10 parts by weight to about 30 parts by weight of cyclohex-
anone, and about 10 parts by weight to about 20 parts by
weight of an alkyl acetate, based on 100 parts by weight of the
thinner composition.

The thinner composition may further include a silicon-
based surfactant. An amount of the silicon-based surfactant
may be in a range 0f 0.001 parts by weight to about 1 part by
weight. The silicon-based surfactant may be a polysiloxane-
based surfactant.

An alkyl substituent of the alkyl lactate may be a C1 to C3
alkyl group. The alkyl substituent of the alkyl lactate is a
methyl group or an ethyl group.

The alkyl substituent of the alkyl acetate may be a methyl
group, an ethyl group, or a propyl group.

The thinner composition may not include methyl ethyl
ketone (MEK), a lactone-based material, a propionate-based
material, an ether-based material, or a derivative thereof.

The thinner composition may not include methyl ethyl
ketone (MEK), y-butyrolactone, a propionate-based material,
an ether-based material, or a derivative thereof.

The thinner composition may not include methyl ethyl
ketone (MEK), a lactone-based material, a propionate-based
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material, propylene glycol monomethyl ether acetate (PG-
MEA) or propylene glycol monomethyl ether (PGME).

The thinner composition may consist essentially of an
alkyl lactate, cyclohexanone, and an alkyl acetate, the alkyl
substituent of the alkyl acetate being a C1 to C5 non-ether
based alkyl group.

According to an embodiment, there is provided an appara-
tus for supplying a thinner composition for a reduced resist
coating (RRC) process, the apparatus including a sealable
container, the thinner composition as claimed in claim 1 that
is housed in the container, a nozzle portion that is connected
to the container and that is configured to transport the thinner
composition to a desired location, a flow controller that is
configured to control a volumetric flow rate of the thinner
composition to be in a range of 5 cm*/min to 100 cm®/min.

According to an embodiment, there is provided a thinner
composition consisting essentially of an alkyl lactate in an
amount of about 40 parts by weight to about 90 parts by
weight, based on 100 parts by weight of the thinner compo-
sition, cyclohexanone in an amount of about 5 parts by weight
to about 30 parts by weight, based on 100 parts by weight of
the thinner composition, an alkyl acetate in an amount of
about 1 part by weight to about 30 parts by weight, based on
100 parts by weight of the thinner composition, and a polysi-
loxane-based surfactant in an amount of O parts to about 1 part
by weight, based on 100 parts by weight of the thinner com-
position.

The amount of the alkyl lactate is about 60 parts by weight
to about 80 parts by weight, based on 100 parts by weight of
the thinner composition. The amount of the cyclohexanone
may be about 10 parts by weight to about 30 parts by weight,
based on 100 parts by weight of the thinner composition. The
amount of the alkyl acetate may be about 10 parts by weight
to about 20 parts by weight, based on 100 parts by weight of
the thinner composition.

The amount of the polysiloxane-based surfactant may be
0.001 parts by weight to about 1 part by weight based on 100
parts by weight of the thinner composition.

The alkyl lactate may be methyl lactate and the alkyl
acetate may be propyl acetate.

BRIEF DESCRIPTION OF THE DRAWINGS

Features will become apparent to those of ordinary skill in
the art by describing in detail exemplary embodiments with
reference to the attached drawings in which:

FIGS. 1A to 1C illustrate cross-sectional views of stages of
a resist reduced coating (RRC) process according to an
embodiment;

FIGS. 2A and 2B illustrate cross-sectional views of stages
of an edge bead removal (EBR) process according to an
embodiment;

FIG. 3 illustrates a conceptual view of an apparatus for
supplying a thinner composition for a RRC process, accord-
ing to an embodiment;

FIGS. 4A to 4C illustrate graphs showing a thickness dis-
tribution of a photoresist layer formed by using a thinner
composition for a RRC process according to an embodiment;

FIGS. 5A to 5C illustrate images obtained when an EBR
process was performed using a conventional thinner compo-
sition for a RRC process as a thinner composition foran EBR
process; and

FIGS. 6A to 6C illustrate images obtained when an EBR
process was performed using a thinner composition for a
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RRC process prepared according to an embodiment as a
thinner composition for an EBR process.

DETAILED DESCRIPTION

Example embodiments will now be described more fully
hereinafter with reference to the accompanying drawings;
however, they may be embodied in different forms and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
disclosure will be thorough and complete, and will fully
convey the scope of the invention to those skilled in the art.

In the drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. Like
reference numerals refer to like elements throughout.

It will be understood that although the terms ‘first’ and
‘second’ are used herein to describe various elements, these
elements should not be limited by these terms. These terms
are only used to distinguish one element from another ele-
ment. Thus, a first element discussed below could be termed
a second element, and similarly, a second element may be
termed a first element without departing from the teachings of
this disclosure.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the invention. As used herein, the singular forms
“a”, “an” and “the” are intended to include the plural forms as
well, unless the context clearly indicates otherwise. It will be
further understood that the terms “includes” and/or “com-
prises,” when used in this specification, specify the presence
of stated features, integers, steps, operations, elements, and/
or components, but do not preclude the presence or addition
of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

A reduced resist coating (RRC) process may be performed
to achieve a complete and uniform coating ofa photoresist for
EUV on a substrate and to remove unnecessary and excess
photoresist. The term “RRC process” refers to a process for
forming a layer of a thinner composition on a substrate before
a photoresist layer is formed on the substrate.

FIGS. 1A to 1C illustrate cross-sectional views of a sub-
strate 110 and a composition layer for explaining the RRC
process. Referring to FIG. 1A, a layer of a thinner composi-
tion 120 for a RRC process is formed on the substrate 110.
The substrate 110 may include a semiconductor material, for
example, a Group IV semiconductor, a Group III-V com-
pound semiconductor, or a Group II-V1 oxide semiconductor.
For example, the Group IV semiconductor may include sili-
con, germanium, or silicon-germanium. In other implemen-
tations, the substrate 110 may be a silicon-on-insulator (SOI)
substrate, an insulating substrate including SiO, or other inor-
ganic oxides, a glass substrate, or the like.

Referring to FIG. 1A, the thinner composition 120 may be
supplied onto the substrate 110 through a nozzle 105a¢ while
the substrate 110 rotates. Due to a centrifugal force of the
thinner composition 120 that is generated by the rotation of
the substrate 110, a layer having a substantially uniform
thickness may be formed.
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Although the layer of the thinner composition 120 may be
formed by spin coating as illustrated in FIG. 1A, in other
implementations, various other known methods may also be
used to form the layer of the thinner composition 120 on the
substrate 110.

Referring to FIG. 1B, a photoresist composition 130 may
be supplied onto the layer of the thinner composition 120
through a nozzle 1055. As a result, due to the centrifugal
force, the photoresist composition 130 may be uniformly
coated onto the rotating substrate 110, and simultaneously,
may be mixed with the thinner composition 120 to form a
mixed layer 135. The nozzle 1055 for supplying the photore-
sist composition 130 may be identical to, or different from,
the nozzle 105a for supplying the thinner composition 120
illustrated in FIG. 1A.

Referring to FIG. 1C, baking may be performed thereon at
an increased temperature to remove volatile components,
thereby forming a photoresist layer 137.

Typically, a thinner composition for a RRC process
improves a photoresist coating property. Also, due to the
improvement in the photoresist coating property, a surface of
a substrate may be sufficiently coated with a relatively small
amount of photoresist. Accordingly, the amount of photore-
sist may be reduced and a more economical process may be
achieved.

Embodiments disclosed herein provide a thinner composi-
tion for a RRC process, wherein the thinner composition
includes an alkyl lactate, cyclohexanone, and an alkyl acetate,
wherein an alkyl substituent of the alkyl acetate is a C1 to C5
non-ether based alkyl group.

For example, the thinner composition may include about
40 parts by weight to about 90 parts by weight of an alkyl
lactate, about 5 parts by weight to about 30 parts by weight of
cyclohexanone, and about 1 part by weight to about 30 parts
by weight of an alkyl acetate, based on 100 parts by weight of
the thinner composition. In an implementation, the thinner
composition may include about 60 parts by weight to about 80
parts by weight of an alkyl lactate, about 10 parts by weight to
about 30 parts by weight of cyclohexanone, and about 10
parts by weight to about 20 parts by weight of an alkyl acetate,
based on 100 parts by weight of the thinner composition.

Without being limited to any particular theory or mecha-
nism, it may be speculated that the alkyl lactate enhances a
polarity of the thinner composition. For example, the alkyl
lactate may increase the miscibility between a solvent and a
photoresist, which form a photoresist composition. The
increased miscibility may lead to high coating efficiency of
the photoresist composition.

If the amount of the alkyl lactate is not too small, a suffi-
cient mixing promotion effect may be obtained the coating
efficiency may be increased. On the other hand, if the amount
of the alkyl lactate not too great, a thinner composition with
sufficient volatility may be obtained.

The alkyl lactate may be represented by Formula 1 below.
InFormula 1, R* may be a C1 to C3 alkyl group. For example,
R! may be a methyl group or an ethyl group. For example, the
alkyl lactate may be methyl lactate.

<Formula 1>

HO
OR!

CH;
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Without being limited to any particular theory or mecha-
nism, it may be speculated that the cyclohexanone may have
a function of leveling the photoresist layer, for example, of
making a height of the photoresist layer uniform. If the
amount of the cyclohexanone is not too small, a photoresist
with a uniform height may be obtained. On the other hand, if
the amount of the cyclohexanone is not too great, damage to
the photoresist layer from excess cyclohexanone may be
avoided.

Without being limited to any particular theory or mecha-
nism, it may be speculated that the alkyl acetate may control
the spreadability of the photoresist. The alkyl acetate may
enable the photoresist to be spread quickly and well over a
whole surface. If the amount of the alkyl acetate is not too
small, an adequate spreadability of the photoresist may be
obtained. On the other hand, if the amount of the alkyl acetate
is not too high, a lowering of the miscibility of the thinner
composition with respect to the photoresist and the persis-
tence of a photoresist residue may be avoided.

The alkyl acetate may be represented by Formula 2 below.
InFormula 2, R> may be a C1 to C3 alkyl group. For example,
R? may be a methyl group, an ethyl group, or a propyl group.
For example, the alkyl acetate may be propyl acetate.

<Formula 2>
(¢]

BN

H,C

The thinner composition may further include a silicon-
based surfactant. The silicon-based surfactant may increase
the solubility of the thinner composition in a solvent of the
photoresist composition so that the photoresist is more easily
mixed with the thinner composition.

The amount of the silicon-based surfactant may be in a
range 0of 0.001 parts by weight to about 1 part by weight based
on 100 parts by weight of the thinner composition. If the
amount of the silicon-based surfactant is not too small, the
surfactant effect may be obtained. On the other hand, if the
amount of the silicon-based surfactant is not too high, the
formation of bubbles, which may cause a defective photore-
sist coating, may be avoided.

For example, the silicon-based surfactant may include as a
repeating unit including silicon, repeating units such as
—(8SiR,0),—, —(SiR,),—, or —(SiR,CH,),— in which R
is a C1 to C5 alkyl group and n is an integer from 20 to 500.
For example, the silicon-based surfactant may be a polysilox-
ane-based surfactant.

Methyl ethyl ketone (MEK), lactone-based materials, pro-
pionate-based materials, ether-based materials, and deriva-
tives thereof may be excluded from the thinner composition.
As specific examples, lactone-based materials, such as y-bu-
tyrolactone, propionate-based materials that are alkylalkoxy
propionates, such as ethylethoxy propionate, and ether-based
materials or derivatives thereof, such as propylene glycol
monomethyl ether acetate (PGMEA) or propylene glycol
monomethyl ether (PGME), may be excluded from the thin-
ner composition.

Moreover, MEK, which is an environmentally regulated
material, may be excluded from the thinner composition.

The thinner composition described above may also be used
as a thinner composition for an edge bead removal (EBR)
process. The term “EBR process” refers to a process for
removing a photoresist located on an edge of a substrate to
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prevent contamination of equipment for a subsequent process
after the photoresist is coated on the substrate.

FIGS. 2A and 2B illustrate cross-sectional views of the
substrate 110 and the photoresist layer 137 for explaining the
EBR process. Referring to FIG. 2A, in general, the height of
the photoresist layer 137 on a whole surface of the substrate
110 may not be uniform, and an edge of the photoresist layer
137 is built up, as illustrated by portion A of FIG. 2A. This
built-up portion may cause contamination of equipment for a
subsequent process. Accordingly, it is desirable to remove the
built-up portion.

For this purpose, a nozzle 105¢ for supplying a thinner
composition 220 for an EBR process may be positioned
above the built-up portion, and the thinner composition 220
may be ejected while the substrate 110 is rotated. As a result,
due to centrifugal force, the thinner composition 220 may be
substantially moved only in a direction away from the sub-
strate 110 and thus, portions other than the built-up portion
that is to be removed may be maintained.

Referring to FIG. 2B, the thinner composition 220 may
dissolve the photoresist included in the built-up portion (see
portion A of FIG. 2A) to allow the photoresist to flow out in
the form of a mixed solution 225. As described above, the
mixed solution 225 flows only away from the substrate 110
due to the centrifugal force. As a result, a portion of the
photoresist layer 137 between where the thinner composition
220 is ejected from the nozzle 105¢ to an edge of the substrate
110 may be removed from the surface of the substrate 110.

After the EBR process, a remaining photoresist layer 137a
may still have a built-up portion, as illustrated by portion B of
FIG. 2B. However, the height of the built-up portion after the
EBR process (i.e., portion B in FIG. 2B), may be substantially
smaller than the height of the built-up portion before the EBR
process (i.e., portion A in FIG. 2A). These results may be
obtained by using the thinner composition 220. For example,
if a conventional thinner composition were to be used, such a
substantial decrease in height may not be obtained. Also, ifa
conventional thinner composition were to be used, a tailing
phenomenon may occur. Thus, process stability and product
yield could be decreased.

The embodiments provide an apparatus for appropriately
supplying the thinner composition described above onto a
substrate. FIG. 3 is a conceptual view of an apparatus 300 for
supplying a thinner composition 320 for an RRC process.

Referring to FIG. 3, the apparatus 300 includes a container
310 that is sealable, the thinner composition 320, which is
housed in the container 310, a nozzle 305 that is connected to
the container 310 in such a manner that the thinner composi-
tion 320 is transportable to the container 310 and that is
configured to transport the thinner composition 320 to a
desired position, and a flow controller 330 that is configured
to control a volumetric flow rate of the thinner composition
320 to be ina range of 5 cm>/min to 100 cm®/min. Hereinafter,
these elements will be described in detail.

A support 455 that supports a substrate 110 and rotates the
substrate 110 at a controlled speed may be arranged in the
chamber 450. The support 455 may be connected to a rotating
device (not shown) disposed under the support 455 so as to be
rotated.

The thinner composition 320 may be housed in the sealable
container 310. The container 310 may allow the thinner com-
position 320 to flow out through a conduit 332. The conduit
332 may be connected to a flow controller 330 that is config-
ured to control the volumetric flow rate of the thinner com-
position 320 to be in a range of 5 cm*/min to 100 cm®/min.
The flow controller 330 may be, for example, a mass flow
controller (MFC).
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Also, the conduit 332 may be, as described above, con- TABLE 1-continued
nected to the nozzle 305 in such a manner that enables trans-
portation of the thinner composition 320. The apparatus 300 ML CXN PAC  PGMEA  PGME  GBL
may further include a positioner 340 that controls the position Comparative 30 70
of the nozzle 305 according to purpose. The positioner 340 5 Example 1
may be configured to control the position of the nozzle 305 Comparative 30 70
. Example 2
laterally H and/ or Vertlcall.y V. Comparative 50 50
The conduit 332 may include valves 3354 and 3355 at Example 3
appropriate positions that are suitable for controlling the flow Comparative 100
of the thinner composition 320. 10 E’gar;“f;r‘zgve 100
Hereinafter, the structure and effect of the embodiments Exmﬁ’ e 5
. . . S ple
will be described in detail with reference to Examples and Comparative 80 10 10
Comparative Examples. However, it is to be understood that Example 6
the embodiments are not limited to the particular details gi;lﬁ’alrjt;ve 60 10 10 20
df:scr.ibed. Furt.her, the Comp?lrative Exa.mples are set forthto 15 Compgmﬁve 60 10 10 20
highlight certain characteristics of certain embodiments, and Example 8
are not to be construed as either limiting the scope of the Comparative 70 10 10 10
invention as exemplified in the Examples or as necessarily Example 9
bei tside the scope of the invention in every respect Compatative " 10 10 10
eing outside cop ry respect. Example 10
Thinner compositions of Examples 1 to 12 and Compara- 29 Comparative 70 10 10 10
tive Examples 1 to Comparative Example 11 were prepared Example 11
using materials and amounts shown in Table 1 below.
InTable 1, ML denotes methyl lactate, CXN denotes cyclo-
TABLE 1 hexanone, PAC denotes propyl acetate, PGMEA denotes pro-
23 pylene glycol monomethyl ether acetate, PGME denotes pro-
ML CXN PAC PGMEA POGME GBL pylene glycol monomethyl ether, and GBL denotes
Example 1 80 10 10 y-butyrolactone
Example 2 80 5 15 Photoresist Coating Test
Example 3 70 15 15 An RRC process was performed using the thinner compo-
Example 4 70 20 10 30 it .
Fxample 5 2 10 2 sitions prepared according to Examples 1 to 12 and Compara-
Example 6 60 20 20 tive Example 1 to 11 on a 12-inch silicon substrate on which
Example 7 60 10 30 a silicon dioxide layer was formed. During the RRC process,
Example 8 60 30 10 each of the thinner compositions was sprayed for 2 seconds,
Example 9 no® o1 d then, spin coati rformed at a rate of 2,000
Example 10 o % 30 and then, spin coating was performed at a rate of 2,000 rpm
Example 11 50 30 20 35 for 0.5 seconds. Then, a photoresist composition was coated,
Example 12 40 30 30 and the coating uniformity was evaluated as shown in Table 2
below.
TABLE 2
Photoresist type
Krf Photoresist Arf Photoresist EUV Photoresist
Photoresist supply amount (cm?) 1 2 3 1 2 3 1 2 3
Example 1 A O O A O O A O O
Example 2 O O O O O O O O O
Example 3 O O O O O O O O O
Example 4 O O O O O O O O O
Example 5 A O O O O O O O O
Example 6 O O O A O O O O O
Example 7 O O O O O O O O O
Example 8 O O O O O O O O O
Example 9 O O O O O O O O O
Example 10 O O O O O O O O O
Example 11 O O O O O O O O O
Example 12 O O O O O O O O O
Comparative A A O A A O X X A
Example 1
Comparative X A O X A O X X X
Example 2
Comparative A A O A A O X X A
Example 3
Comparative A A O A A O X X A
Example 4
Comparative X A O X A O X X X
Example 5
Comparative X X O A A O X X X
Example 6
Comparative X A O X A O X X A

Example 7
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TABLE 2-continued
Photoresist type
Krf Photoresist Arf Photoresist EUV Photoresist

Photoresist supply amount (cm®) 1 2 3 1 2 3 1 2 3
Comparative X A O X A A X X A
Example 8

Comparative X X O X A O X X X
Example 9

Comparative X X O X A O X X A
Example 10

Comparative X A O X A O X X X
Example 11

O: Coating uniformity with respect to a substrate was maintained constant after coating
A: Defective photoresist coating did not occur at an edge of a substrate after coating
X: Defective photoresist coating occurred at an edge of a substrate after coating

As shown in Table 2, the thinner compositions of Examples
1to 12 exhibited excellent coating properties regardless of the
type of photoresist. Although some of the photoresists of the
Examples have ‘A’ (for example, Examples 1, 5, and 6), it is
considered that the thinner compositions of Examples 1 to 12
had overall good coating properties because defective coating
did not occur.

However, as shown in Table 2, the thinner compositions of
Comparative Examples 1 to 11 resulted in many defective
coatings. In particular, the EUV photoresist resulted in more
defective coatings than the KrF photoresist or ArF photore-
sist.

EBR Test

Various types of photoresists shown in Table 3 were coated
ona 12-inch silicon substrate on which a silicon dioxide layer
was formed. Then, an EBR process was performed by using
the thinner compositions prepared according to Examples 1
to 12 and Comparative Example 1 to 11 to remove undesir-
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25

30

able photoresist at an edge of a substrate. During the present
EBR test, the same spin coater that was used before to evalu-
ate the photoresist coating property was used.

Each of the thinner compositions was sprayed onto the
substrate coated with the photoresist through an EBR nozzle
while rotating the substrate for 3 seconds at a rate o 300 rpm.
Then, the substrate was rotated at rates of 1,000 rpm, 1,500
rpm, and 2,000 rpm, for 10 seconds at each speed, to remove
photoresist at the edge of the substrate. The thinner compo-
sitions were supplied from a compressed container installed
with a pressure gauge. In this case, the compression pressure
was 1.0 kg/cmz. Also, a volumetric flow rate of each of the
thinner compositions sprayed through the EBR nozzle was
controlled to be 15 cm*/min.

EBR test results of the respective photoresists, which were
evaluated according to the following conditions, are shown in
Table 3 below.

TABLE 3

EBR condition (rpm)

Photoresist type

Krf Photoresist Arf Photoresist EUV Photoresist

1000 1500 2000 1000 1500 2000 1000 1500 2000

Example 1
Example 2
Example 3
Example 4
Example 5
Example 6
Example 7
Example 8
Example 9
Example 10
Example 11
Example 12

Comparative

Example 1

Comparative

Example 2

Comparative

Example 3

Comparative

Example 4

Comparative

Example 5

Comparative

Example 6

Comparative

Example 7

Comparative

Example 8
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TABLE 3-continued
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Photoresist type

Krf Photoresist Arf Photoresist

EUV Photoresist

EBR condition (rpm) 1000 1500 2000 1000 1500 2000 1000 1500 2000
Comparative X X A X A A X X X
Example 9

Comparative X A O X X A X A A
Example 10

Comparative X X X X X A X X A
Example 11

©: Uniformity of EBR line with respect to photoresist after EBR maintained constant.
O: Uniformity of EBR line with respect to photoresist after EBR was 80% or more.

A: Uniformity of EBR line with respect to photoresist after EBR was less than 80%.
X: After EBR, tailing occurred at the edge of photoresist.

<Photoresist Thickness Uniformity Test>

An underlayer was coated using the thinner composition
for an RRC process prepared according to Example 3 on a
substrate with a target thickness of the underlayer of 110 A.
Also, a photoresist film was coated using the thinner compo-
sition for a RRC process prepared according to Example 3 on
a substrate with a target thickness of the photoresist film of
680 A. As a photoresist, a photo-acid generator (PAG)
coupled photoresist and a PAG mixed photoresist were sepa-
rately used.

After the underlayer and the photoresist film were respec-
tively formed on substrates, thicknesses of the underlayer
and/or the photoresist film were measured at 19 sites of the
respective substrates in thickness directions, and from the
results, thickness uniformity was evaluated.

FIG. 4A shows results obtained when a PAG coupled pho-
toresist was formed on a 12-inch substrate, and FIG. 4B
shows results obtained when a PAG mixed photoresist was
formed on a 12-inch substrate. Also, FIG. 4C shows results
when an underlayer was formed on a 12-inch substrate.
Thickness measurement results are shown in Table 4 below.

Referring to FIGS. 4A and 4B, it can be confirmed that a
central portion of the 12-inch substrate was slightly thicker
than an edge thereof. Also, referring to FIG. 4C, a difference
between thicknesses of the central portion and edge of the
12-inch substrate was very small.

Referring to Table 4, in the case of the photoresist, the
photoresist film was formable within an error margin of about
30 A or less, and in the case of the underlayer, the underlayer
was formable within an error margin of 10 A or less. Also,
because % sigma was around 2.0, the obtained film was very
uniform.

20

25

35

45

50
TABLE 4

PAG mixed
photoresist

PAG coupled

photoresist Underlayer

Thickness maximum 708.85 705.02 117.69
value (A)

Thickness minimum
value (A)

Thickness average (A)
% sigma

Thinner supply amount
(em?)

Film material supply
amount (cm?)

665.18 658.33 110.65
683.25
2.03

1.5

113.35
1.7
1.5 60

0.6 0.5

Also, as shown in FIG. 4, a uniform film quality may be
obtainable by using only an amount as small as 0.5 cm® or 0.6
cm® of a film material, that is, a photoresist composition or

underlayer composition. Accordingly, a thinner composition
according to the embodiments may contribute to a substantial
decrease in the use of the expensive photoresist material and
adecrease in process costs. [f only a photoresist composition
or an underlayer composition were used without also using
the thinner composition for an RRC process according to the
embodiments, larger amounts of the photoresist composi-
tions or an underlayer compositions would be needed to ren-
der a uniform and successful coating. Also, when conven-
tional thinner compositions were used, many defective
coatings occurred, as shown in Table 2. Although not shown
in Table 2, when conventional thinner compositions were
used, a defective coating occurred more particularly in the
case of the PAG coupled photoresist.

EBR Build-Up and Tailing Test

An EBR process was performed on substrates on which a
PAG coupled photoresist layer, a PAG mixed photoresist
layer, and an underlayer were respectively formed. The EBR
process was performed using the thinner composition of
Example 8 as a thinner composition for an EBR process. Also,
for comparison purposes in terms of performance, an EBR
process was performed using a mixture including PGMEA,
PGME, and y-butyrolactone, which mixture is used as a con-
ventional thinner composition for an EBR process.

Then, a build-up height of each of the substrates was mea-
sured, and whether tailing occurred was observed.

FIGS. 5A to 5C show images of an edge of a substrate on
which an EBR process was performed using a conventional
thinner composition for an EBR process. Specifically, FIG.
5A shows an image of the edge of the substrate when a PAG
coupled photoresist layer was formed thereon, FIG. 5B shows
an image of the edge of the substrate when a PAG mixed
photoresist layer was formed thereon, and FIG. 5C shows an
image of the edge of the substrate when an underlayer was
formed thereon.

Referring to FIG. 5A, when the EBR process was per-
formed on the PAG coupled photoresist layer by using a
conventional thinner composition for an EBR process, the
build-up height was 5,200 A, and it was confirmed that tailing
occurred. Also, as illustrated in FIGS. 5B and 5C, even
though tailing did not occur with respect to the EBR processes
performed on the PAG mixed photoresist layer or the under-
layer, the build-up height was relatively high.

FIGS. 6A to 6C show images of an edge of a substrate on
which an EBR process was performed using the thinner com-
position of Example 8. FIG. 6 A shows an image of the edge of
the substrate when a PAG coupled photoresist layer was
formed thereon, FIG. 6B shows an image of the edge of the
substrate when a PAG mixed photoresist layer was formed
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thereon, and FIG. 6C shows an image of the edge of the
substrate when an underlayer was formed thereon.

Referring to FIG. 6A, the build-up height was 1,012 A,
which was much lower than the build-up height shown in FI1G.
5A. Also, tailing, which was shown in FIG. 5A, did not occur.
Furthermore, tailing did not occur with respect to the EBR
processes performed on the PAG mixed photoresist layer or
the underlayer, as shown in FIGS. 6B and 6C, and the build-
up height was relatively smaller than those shown in FIGS.
5B and 5C.

Accordingly, if a thinner composition for a RRC process
according to embodiments is used as a thinner composition
for an EBR process, contamination of facilities may be
reduced, process stability may be high, and production yield
may be high.

Precipitate Formation Test

Each of compositions for forming a PAG coupled photo-
resist layer, a PAG mixed photoresist layer, and an underlayer
was mixed with the thinner composition of Example 3 at a
ratio of 1:7 and the mixtures were left to sit for 24 hours. It was
confirmed that no precipitation occurred for any cases of the
PAG coupled photoresist layer, the PAG mixed photoresist
layer, and the underlayer.

Facility Stability Test

An O-ring sample, a pipe sample, and a plate sample
formed of the same components as in a support were
immersed in the thinner composition of Example 3 and the
samples were observed for one week. It was confirmed that
there was no change in their shapes, weights, or surface states.

By way of summation and review, an EUV photoresist may
have very distinctive characteristics that differ from those of
conventional ArF or KrF photoresists. Thus, a thinner that is
used in a RRC process or the like in connection with a con-
ventional ArF or KrF photoresist may not have satisfactory
characteristics for use with a EUV photoresist.

The present embodiments may provide a thinner compo-
sition that can be used in a resist reduced coating (RRC)
process. The thinner composition may allow a photoresist to
be uniformly coated on a substrate without defects, even
when the amount of the photoresist is small, thereby allowing
manufacturing costs to be reduced.

The present embodiments may provide a thinner compo-
sition that can be used in an edge bead removal (EBR) pro-
cess. The thinner composition may allow an EBR process to
be performed without damage to the uniformity of a photo-
resist layer or without the occurrence of a tailing phenomenon
at an edge of the photoresist layer. Accordingly, process sta-
bility may be improved and the yield may be increased.

Example embodiments have been disclosed herein, and
although specific terms are employed, they are used and are to
be interpreted in a generic and descriptive sense only and not
for purpose of limitation. Accordingly, it will be understood
by those of skill in the art that various changes in form and
details may be made without departing from the spirit and
scope of the present invention as set forth in the following
claims.

What is claimed is:

1. A thinner composition for a reduced resist coating pro-
cess or an edge bead removal process, the thinner composi-
tion comprising:

about 40 parts by weight to about 90 parts by weight of an

alkyl lactate, based on 100 parts by weight of the thinner
composition;

about 5 parts by weight to about 30 parts by weight of

cyclohexanone, based on 100 parts by weight of the
thinner composition; and
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about 1 part by weight to about 30 parts by weight of an
alkyl acetate, based on 100 parts by weight of the thinner
composition,

wherein an alkyl substituent of the alkyl acetate is a C1 to

CS5 non-ether based alkyl group.

2. The thinner composition as claimed in claim 1, wherein
the thinner composition includes about 60 parts by weight to
about 80 parts by weight of the alkyl lactate, about 10 parts by
weight to about 30 parts by weight of cyclohexanone, and
about 10 parts by weight to about 20 parts by weight of the
alkyl acetate, based on 100 parts by weight of the thinner
composition.

3. A thinner composition for a reduced resist coating pro-
cess or an edge bead removal process, the thinner composi-
tion comprising:

an alkyl lactate;

cyclohexanone;

an alkyl acetate, an alkyl substituent of the alkyl acetate

being a C1 to C5 non-ether based alkyl group; and

a silicon-based surfactant.

4. The thinner composition as claimed in claim 3, wherein
the thinner composition includes about 40 parts by weight to
about 90 parts by weight of the alkyl lactate, about 5 parts by
weight to about 30 parts by weight of cyclohexanone, and
about 1 part by weight to about 30 parts by weight of the alkyl
acetate, based on 100 parts by weight of the thinner compo-
sition.

5. The thinner composition as claimed in claim 3, wherein
an amount of the silicon-based surfactant is in a range of
0.001 parts by weight to about 1 part by weight.

6. The thinner composition as claimed in claim 5, wherein
the silicon-based surfactant is a polysiloxane-based surfac-
tant.

7. The thinner composition as claimed in claim 1, wherein
an alkyl substituent of the alkyl lactate is a C1 to C3 alkyl
group.

8. The thinner composition as claimed in claim 7, wherein
the alkyl substituent of the alkyl lactate is a methyl group or an
ethyl group.

9. The thinner composition as claimed in claim 1, wherein
the alkyl substituent of the alkyl acetate is a methyl group, an
ethyl group, or a propyl group.

10. The thinner composition as claimed in claim 1, wherein
the thinner composition does not include methyl ethyl ketone
(MEK), a lactone-based material, a propionate-based mate-
rial, an ether-based material, or a derivative thereof.

11. The thinner composition as claimed in claim 1, wherein
the thinner composition does not include methyl ethyl ketone
(MEK), y-butyrolactone, a propionate-based material, an
ether-based material, or a derivative thereof.

12. The thinner composition as claimed in claim 1, wherein
the thinner composition does not include methyl ethyl ketone
(MEK), a lactone-based material, a propionate-based mate-
rial, propylene glycol monomethyl ether acetate (PGMEA),
propylene glycol monomethyl ether (PGME), or a derivative
thereof.

13. The thinner composition as claimed in claim 1, wherein
the thinner composition consists essentially of the alkyl lac-
tate, cyclohexanone, and the alkyl acetate, the alkyl substitu-
ent of the alkyl acetate being a C1 to C5 non-ether based alkyl
group.

14. An apparatus for supplying a thinner composition for a
reduced resist coating (RRC) process, the apparatus compris-
ing:

a sealable container;

the thinner composition as claimed in claim 1 that is housed

in the container;
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anozzle portion that is connected to the container and that
is configured to transport the thinner composition to a
desired location;

a flow controller that is configured to control a volumetric
flow rate of the thinner composition to be in a range of 5
cm’/min to 100 cm*/min.

15. A thinner composition, consisting essentially of:

an alkyl lactate in an amount of about 40 parts by weight to
about 90 parts by weight, based on 100 parts by weight
of the thinner composition,

cyclohexanone in an amount of about 5 parts by weight to
about 30 parts by weight, based on 100 parts by weight
of the thinner composition,

an alkyl acetate in an amount of about 1 part by weight to
about 30 parts by weight, based on 100 parts by weight
of the thinner composition, an alkyl substituent of the
alkyl acetate being a C1 to C4 non-ether based alkyl
group, and

a polysiloxane-based surfactant in an amount of O parts to
about 1 part by weight, based on 100 parts by weight of
the thinner composition.
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16. The thinner composition as claimed in claim 15,
wherein:
the amount of the alkyl lactate is about 60 parts by weight
to about 80 parts by weight, based on 100 parts by
weight of the thinner composition,
the amount of the cyclohexanone is about 10 parts by
weight to about 30 parts by weight, based on 100 parts
by weight of the thinner composition, and
the amount of the alkyl acetate is about 10 parts by weight
to about 20 parts by weight, based on 100 parts by
weight of the thinner composition.
17. The thinner composition as claimed in claim 15,
wherein:
the amount of the polysiloxane-based surfactant is 0.001
parts by weight to about 1 part by weight based on 100
parts by weight of the thinner composition.
18. The thinner composition as claimed in claim 15,
wherein the alkyl lactate is methyl lactate and the alkyl
acetate is propyl acetate.
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